1. Introduction {#sec1}
===============

Despite considerable advances in the adjuvant setting, many patients treated \[[@bib1]\] for local breast cancer (BC) will eventually have a recurrent disease that will lead to their death due to either distant metastases and/or locoregional inoperable relapse. Although triple-negative breast cancer (TNBC) recurrence are known to occur within the first 3 years \[[@bib2]\], luminal breast cancer can recur after 10 years \[[@bib1]\]. Several predictors of time to first metastatic recurrence (TFMR) have been reported from clinical trials \[[@bib3], [@bib4], [@bib5]\] and retrospective cohorts \[[@bib6]\] to be associated with prolonged TFMR, including hormone receptor expression, HER2 expression, a low Ki67, low grade according to Scarff-Bloom-Richardson scale and Elston-Ellis modifications, younger age, and stage at diagnosis. However, none of these factors have been investigated in a large high-quality real-life database, and the impact of the TFMR on the kinetics of the metastatic setting is poorly described. We hypothesised that the TFMR could be used as a proxy of the tumour growth rate \[[@bib7],[@bib8]\], and could, therefore, be valuable information to predict the evolution of the metastatic recurrence.

Most available data come from randomised clinical trials with highly selected patients. The CinéBreast study population is a subpopulation from the Epidémio-Stratégie Médico-Economique (ESME) MBC (metastatic breast cancer) Database (NCT03275311), which is a large-scale population of patients in a real-life setting. Data were extracted from information systems, pharmacy record databases and patients' electronic medical records collected retrospectively and processed according to quality control guidelines. The ESME MBC database is an academic programme led by Unicancer that aimed to centralise real-life metastatic breast cancer patients' data. Patients partially or entirely treated in one of the 18 French Comprehensives Cancer Centers (FCCC), which are managing together over one-third of all BC cases nationwide, were selected. Delaloge et al. \[[@bib9]\] previously reported the use of the ESME MBC database to investigate a potential benefit of bevacizumab added to paclitaxel in the treatment of luminal MBC in real-life setting.

We aimed at identifying factors associated with TFMR from a real-life database.

2. Methods {#sec2}
==========

2.1. Study design {#sec2.1}
-----------------

All patients over 18 years old with initial care (radiotherapy, chemotherapy, targeted therapy or hormonal therapy) for a MBC (either metastatic at the beginning or with metastatic recurrence) between the 1st of January 2008 and the 31st of December 2014, were recorded with longitudinal follow-up latest by 2016 for the last patient recruited. Patients were identified through hospitalisation records or pharmacy records and identified through anonymised individual data (a detailed description of the ESME MBC Cohort 2008--2016 is available online in [appendix A](#appsec1){ref-type="sec"}). The CinéBreast study included all patients from the ESME MBC database which were not metastatic at diagnosis with a known hormonal receptor and HER2 status. The luminal status was defined as either ER+ and/or PR+ and HER2-, whereas HER2+ was defined as an expression score of 3 or amplified *HER2/neu* and either ER + or ER- and TNBC as non-luminal and HER2 negative ([Fig. 1](#fig1){ref-type="fig"}). Both ER and PR status were used to define the luminal status, and the nuclear receptor expression cut-off was 10% (cf. the management of hormone receptor status in [appendix A](#appsec1){ref-type="sec"}). TFMR was defined as the time to first distant recurrence not amenable to curative treatment.Fig. 1Study flow-chart.Fig. 1

French data protection authorities authorised the ESME MBC database (authorisation no. 1704113). Approval was obtained from an independent ethics committee, which waived the requirement for informed consent. The study was approved by the ESME Scientific Committee. The ESME Research Program was managed by R&D Unicancer according to the applicable best practice guidelines in epidemiology \[[@bib10],[@bib11]\]. A more detailed description of the ESME MBC database is available online ([appendix A](#appsec1){ref-type="sec"}).

The primary endpoint was the time to first metastatic recurrence studied as a class variable when categorised into four groups (\<24, 24--60, 60--120 and ≥ 120 months). TFMR was investigated in the whole population and the 3 different molecular subgroups (luminal, HER2+ and TNBC). The influence of age at initial tumour diagnosis, age at first metastatic recurrence, the type of metastases (visceral, bone with or without non-visceral metastases and exclusively non-visceral metastases) and the number of metastatic sites were studied in the whole population and the 3 molecular subgroups. Secondary endpoints included the influence of TFMR on overall survival (OS) during the metastatic setting, which was analysed in the general population and the 3 molecular subgroups.

2.2. Statistical analysis {#sec2.2}
-------------------------

TFMR was analysed comparing the different subgroups, and odds ratio (OR) were performed using nominal polytomous logistic regression and adjusted to the characteristics of the initial local tumour. OS was estimated using Kaplan-Meyer method and survival curve generated. Univariate analysis of OS for each molecular subgroup was performed with log-rank tests. A multivariate analysis of OS was performed using a Cox model adjusted for prognostic factors of survival.

3. Results {#sec3}
==========

3.1. Patient characteristics {#sec3.1}
----------------------------

Among 16 702 patients recorded in the ESME MBC database, 4797 patients (29%) were excluded due to the presence of metastases at diagnosis (or metastatic recurrence within the first 6 months), and 1310 additional patients (8%) were excluded because of unavailable information on ER and/or HER2 status ([Fig. 1](#fig1){ref-type="fig"}). 10 595 patients were analysed, median follow up was 56 months.

BC subtypes were as follows: 7111 patients (67%) had a luminal BC, 1765 patients (17%) HER2+ BC, and 1719 patients (16%) had TNBC ([Table 1](#tbl1){ref-type="table"}). Median age at diagnosis was 52 years old, with 40% of patients being 50 years old or younger, 48% being between 50 and 70 years old, and 12% over 70 years old. Median age at metastatic setting was 61 years old. Treatment of the primary cancer included chemotherapy in 7676 patients (72%), radiotherapy in 9322 patients (88%), endocrine therapy in 7000 patients (66%), and trastuzumab in 326 patients (3%) ([Table 1](#tbl1){ref-type="table"}).Table 1Patient characteristics at diagnosis.Table 1n (%)Molecular characteristicsER+/HER2-7111 (67)HER2+1765 (17)ER-/HER2-1719 (16)SexFemale10,506 (99.2)Male89 (0.8)Age at diagnosis\<504274 (40)\[50--70\]5071 (48)\>701250 (12)T stageUnknown5684 (54)Tis (all type)20 (0.2)T1759 (7)T21978 (19)T3803 (8)T4170 (2)N stageUnknown5848 (55)N02400 (23)N11435 (14)N2259 (2)N3117 (1)Lymph node invasionunknown852 (8.0)no5393 (50.9)yes4350 (41.0)Adjuvant treatments of the primary tumourchemotherapy7676 (72)radiotherapy9322 (88)endocrine therapy7000 (66)oral or targeted therapies326 (3)Age at first metastatic recurrence\<502263 (21)\[50--70\]5616 (53)\>702716 (26)Types of metastasesvisceral5645 (53)non-visceral only3416 (32)bone^1^4811 (45)Number of metastatic sites^1^18327 (79)21961 (18)3 or more307 (3)TFMR (months)\<242066 (20)\[24--60\[3309 (31)\[60--120\[2659 (25)≥1202561 (24)[^1][^2][^3]

3.2. Time to first metastatic recurrence {#sec3.2}
----------------------------------------

Median TFMR was 59 months. First metastatic recurrence occurred within 24 months in 20% of patients, between 24 and 60 months in 31% of patients, between 60 and 120 months in 25% of patients, and after 120 months in 24% of patients. TNBC and HER2+ patients were 12 and 4 times more likely respectively to have a recurrence within 2 years when compared to the luminal subgroup ([Fig. 2](#fig2){ref-type="fig"}). Only 192 out of 1719 (11%) of TNBC patients had a TFMR longer than 10 years ([appendix B](#appsec1){ref-type="sec"}). The number of patients with a recurrence after 10 years (TFMR \>120 months) was 1270 among 4274 (30%) patients under 50 years old, 1244 out of 5071 (24%) in the 50--70 years old group and 47 out of 1250 (4%) patients over 70 years old. The correlation of metastases site (visceral, bone or non-visceral) with short TFMR was significant (*p \< *0.0001) but with a low OR ([Fig. 2](#fig2){ref-type="fig"} and [Appendix B](#appsec1){ref-type="sec"}). Within subgroups of TFMR, bone metastasis was slightly more frequent compared to the group of other metastases for patients with relapse between 24 and 60 months (OR = 1.52, confidence interval 95% (CI95%) \[1.34--1.72\]) and between 60 and 120 months (OR = 1.33, CI95% \[1.17--1.51\]). The correlation of the site of metastasis was not significant in the short TFMR group (\<24 months). The number of metastatic sites did not impact TFMR (*p* = 0.3). Patients over 70 years old at diagnosis were 20 times more likely (p \< 0.0001) to have a recurrence within 2 years compared to patients under 50 years old ([Fig. 2](#fig2){ref-type="fig"}). In the luminal BC population, 27% of the population over 70 years old, 9% in the population under 50 and 10% in the population between 50 and 70 had a TFMR \<2 years ([Appendix C](#appsec1){ref-type="sec"}).Fig. 2Odds ratio and 95% confidence interval of TFMR according to age at diagnosis, molecular subgroups and the type of metastasis at recurrence.Fig. 2

Short TFMR significantly correlated with a shorter OS (*p* \< 0.0001) with a hazard ratio (HR) of 2.48 (95%CI 2.28; 2.69), 1.78 (1.66; 1.92) and 1.35 (1.25; 1.46) in the \<24, 24--60, 60--120 months groups respectively when compared to the \>120 months group ([Table 2](#tbl2){ref-type="table"}, [Fig. 3](#fig3){ref-type="fig"}). Median OS were 15.0 (95%CI 14.2; 15.9), 29.5 (28.2; 30.9), 42.0 (40.0; 43.8) and 54.0 months (50.3; 56.4) in the TFMR \<24, 24--60, 60--120 and ≥ 120 groups, respectively. Molecular characteristics also correlated with the risk of death. HR were 0.97 (0.90; 1.04) and 2.66 (2.50; 2.83) for HER2+ and TNBC respectively when compared to the luminal group ([Table 2](#tbl2){ref-type="table"}). The median OS were 39, 38 and 14 months in the luminal, HER2+ and TNBC groups. The risk of death in the group of patients over 70 was 1.68 (p \< 0.0001) and 1.27 in the group of patients between 50 and 70 when compared to the group of patients under 50 years old after adjustment for TMFR and molecular type.Table 2Univariate and multivariate analysis of overall survival with hazard ratio.Table 2UnivariateMultivariateVariablesHazard ratio (95% CI)*P* valueHazard ratio (95% CI)*P* valueTFMR (months)\<243.13 (2.90; 3.38)\<0.00012.99 (2.75; 3.24)\<0.0001\[24--60\]1.83 (1.71; 1.97)\<0.00012.00 (1.86; 2.16)\<0.0001\[60−120\]1.29 (1.19; 1.39)\<0.00011.42 (1.32; 1.54)\<0.0001≥120 (ref)11Molecular subtypeER+/HER2- (ref)11HER2+0.97 (0.90; 1.04)0.380.86 (0.80; 0.92)0.008TNBC2.66 (2.50; 2.83)\<0.00012.14 (2.00; 2.28)\<0.0001Age at metastatic recurrence (years)\<50 (ref)11\[50--70\]0.96 (0.90; 1.02)0.191.27 (1.19; 1.35)\<0.0001\>701.18 (1.10; 1.27)\<0.00011.68 (1.56; 1.81)\<0.0001[^4]Fig. 3Overall survival according to time to first metastatic recurrence, the age at first metastatic recurrence and the 3 molecular subgroups.Fig. 3

Fewer patients over 70 years old received adjuvant therapy (35% versus 77%, p \< 10^−15^), and adjuvant radiotherapy (79% versus 89%, p \< 10^−15^). In contrast, older patients were more likely to receive adjuvant endocrine therapy (69% versus 66%, p = 0.01). Interestingly, patients who were diagnosed with metastatic breast cancer before 2010 had a poorer OS as compared to those who were diagnosed after 2010 (HR = 1.07 \[CI95%: 1.02--1.13\], p = 0.01).

4. Discussion {#sec4}
=============

The ESME MBC database has exhaustively recorded patient data from 18 FCCC with a standardised screening procedure and a high level of quality control. The amount of data is therefore essential, with a total of 16 702 patients and a median follow-up of 48 months, which is the most prominent real-life cohort on MBC to our knowledge. However, even when they are large-scale and collected with a highly standardised methodology, retrospective data collection has limitations. For instance, 11% did not have a fully available molecular status, and this proportion would be much smaller in a prospective study. HER2 status was not performed systematically before 2005, and the missing status of hormone receptors was much lower (\<2%).

Few studies have been done on high scale real-life data, and the difference of practice might make the datasets challenging to compare. Daniels et al. \[[@bib12]\] recently reported real-life data for patients treated by trastuzumab with a median OS of 37.7 months between 2009 and 2015, which was slightly shorter than the median OS reported in the CLEOPATRA study (40.8 months) \[[@bib13]\]. In a real-life set-up, Gamucci et al. \[[@bib14]\] reported a median OS of 25 months (CI95% \[17--33\]) with comparable setting for TNBC patients in a multicentre design. There is a need for more real-life data collection that would allow a better comparison of therapeutic strategies in real-life practice through time and centers and a better MBC comprehension. Regierer and others \[[@bib5]\] previously reported the influence of a metastasis-free interval ≤ 2 years on the outcome of trial patients. However, in the present analysis, we specifically focused on factors associated with TFMR and the influence of TFMR on MBC outcomes at recurrence in a real-life study. Patients over 70 years old at diagnosis were much more likely to have a recurrence within 2 years. This result might be explained by the fact that therapeutic strategies in the elderly are far less aggressive. Muss et al. reported the need not to undertreat patients over 65, with a significant difference of disease-free survival between the standard group, which was using standard chemotherapy (mostly doxorubicin plus cyclophosphamide) and the capecitabine group \[[@bib15]\] (risk of recurrence or death had of 2.09, p \< 0.001) and OS rate at 3 years were 91% versus 86% respectively). However, practitioners might be still reluctant to treat elderly people with standard guidelines in this fragile population. Also, in the luminal BC patients, they were approximately 3 times more patients in proportion in the group of patients over 70 than in the 2 other groups with a TFMR \<2 years. Shorter relapse within the older population could be explained by less aggressive therapeutic strategies, with only 35% receiving chemotherapy compared to 77% in the younger population. Moreover, adherence to adjuvant endocrine therapy is a significant problem in delaying the TFMR \[[@bib16]\]. The tolerance and the adherence in the elderly population are not as good, and this might explain the higher percentage of early metastatic relapse that is observed in the over 70 years old group. Furthermore, older patients have a higher risk of dying from another cause than cancer than younger patients, and this could also increase the proportion of patients that are observed with a short TFMR. However, the HR was close to 1, and the OS Kaplan-Meyer curves are similar when compared to the under 50 years old group which contrasts with the high risk of short-term recurrence. This could be explained by the higher rate of survival at 60 months. There was no significant influence of the metastases site for tumours with short relapse. The influence of metastases site was not significant or low, except for more bone metastasis in the population relapsing between 2 and 5 years. Bone metastases are the most frequent metastatic site for luminal BC. Patients with only bone metastases were shown to have a better outcome than the others in other cohorts \[[@bib17]\].

Despite similar surgery for the 3 molecular subgroups, adjuvant treatments are often different \[[@bib18]\]. Endocrine therapy given for 5 years remains a standard in Europe. In preclinical models \[[@bib19], [@bib20], [@bib21]\], and in clinics \[[@bib22]\] aromatase inhibitors and tamoxifen induce a decrease in tumour size and eventually a quiescence of micrometastasis that would subsequently lead to late metastases \[[@bib1]\].

The poor prognosis of TNBC is well known, and few recent improvements have been made in the management of this disease. With numerous HER2 targeting agents (trastuzumab, lapatinib, neratinib, T-DM1, pertuzumab), the prognosis of *HER2*/neu amplified breast cancers has significantly improved in the last 20 years. The number of patients who received trastuzumab in the neoadjuvant/adjuvant setting in this study is low, which is explained by the fact that many patients have been treated before 2005; trastuzumab was not approved at that time. This may impact the conclusions drawn from our study in the HER2-positive subgroup. Another limitation of this analysis is that stage at disease presentation was missing for 50% of the patients. For this reason, stage could not be included in the multivariate analysis, although it is a known factor of early relapse. Patients diagnosed before 2010 had a worse OS, which might partly be explained by the therapeutic progresses made in the treatment of metastatic breast cancer over time, especially in HER2-positive (trastuzumab) and hormone receptor-positive (aromatase inhibitors) BC.

Although median OS was slightly shorter in the HER2+ group when compared to the luminal group, their survival is significantly better which could be explained by a better "tail effect". This "tail effect" is mostly described in immuno-oncology \[[@bib23]\] or for estimation of disease-free survival in adjuvant treatment. It could be graphically approached by an asymptote \[[@bib24]\] which reflects the fraction of the population which is no longer at risk of recurrence (for the adjuvant setting) or death from the disease. Interestingly, the HER2+ subgroup seems to have an asymptote of survival around 0.20 which is higher than the 0.10 and much higher than the 0.05 that is observed respectively in the luminal and the TNBC groups ([Fig. 4](#fig4){ref-type="fig"}). Another intriguing observation is the fact that the asymptotes in the 3 survival curves of the different molecular subgroups do not seem to be dependent on the TFMR (\<24, 24--60, 60--120, ≥120). For late recurrences, however (TFMR \>120 months), the curves take longer to reach their asymptote, which is consistent with a better OS. There is a need for better statistical approaches to confirm the significance of such observations. Late observations of those patients could provide better insight and more robust conclusions about the long-term survivors of those different subgroups.Fig. 4Impact of TFMR on overall survival within the 3 molecular subgroups.Fig. 4

5. Conclusions {#sec5}
==============

We first reported the association of age and each molecular subgroup with the TFMR in a real-life database. Patients over 70 are 20 times more likely to have a TFMR lower than 2 years when compared to the group of under 50. Short TFMR is also highly predictive of OS, and the risk of death was 2.99 when compared to patients having a late recurrence (\>10 years), which probably reflects that the first group has a more aggressive tumour that will be harder to treat in the metastatic setting. The Cinébreast study unexpectedly described a "tail effect" in a metastatic population which did not seem to be dependent of the TFMR but was different between the molecular subgroups, with a survival which was tending to an asymptote that would be 20% in HER2+, 10% in ER+/HER2-and \<5% in the TNBC. Further studies, either with more mature data from the ESME database or from a more extensive and extended dataset would be needed to confirm this trend.
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[^1]: TFMR: time to first metastatic recurrence.

[^2]: 1: No visceral metastases.

[^3]: 2: Defined by the number of invaded organs (nodes, bone, liver, lung or other visceral).

[^4]: TFMR: time to first metastatic recurrence; TNBC: triple negative breast cancer.
